Background. Timing of follow-up chest radiographs for patients with severe community-acquired pneumonia (CAP) is difficult, because little is known about the time to resolution of chest radiograph abnormalities and its correlation with clinical findings. To provide recommendations for short-term, in-hospital chest radiograph followup, we studied the rate of resolution of chest radiograph abnormalities in relation to clinical cure, evaluated predictors for delayed resolution, and determined the influence of deterioration of radiographic findings during follow-up on prognosis.
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cure of uncomplicated pneumonia [4, 5] . Major clinical guidelines do not provide unequivocal recommendations regarding the use of chest radiographs in the short-term follow-up of hospitalized patients [6] [7] [8] [9] [10] [11] . The Infectious Diseases Society of America advises the use of in-hospital chest radiographs only to determine reasons for treatment failure [7] , whereas the American Thoracic Society, in their 1993 guideline, recommended obtaining chest radiographs for all hospitalized patients prior to discharge from the hospital [8] . However, the most recent American Thoracic Society guideline no longer supports this recommendation [9] . The most recent Infectious Diseases Society of America and American Thoracic Society consensus guideline does not address this subject [11] . Furthermore, earlier clinical studies performed to evaluate the use of chest radiographs in CAP have used inaccurate definitions of clearance, lacked microbiological confirmation, or included a small or heterogeneous group of patients [12] [13] [14] [15] [16] [17] . As a consequence, recommendations provided by current clinical guidelines are only based on grade D recommendations. To further investigate the clinical value of routine follow-up chest radiographs within the first month after diagnosis of CAP in immunocompetent hospitalized adult patients, we studied the time to resolution of pulmonary infiltrates and other chest radiograph abnormalities caused by infection, compared with resolution of clinical parameters, and assessed factors associated with delayed resolution of radiographic abnormalities.
METHODS
Setting and study population. The data used in this study were derived from a multicenter, prospective randomized trial on the cost-effectiveness of an early switch from parenteral to oral therapy for severe CAP [18] . Severe CAP was defined as a pneumonia severity index (PSI) score of 190 or according to the American Thoracic Society definition [9, 19] . Adult patients (age, у18 years) who were admitted to the hospital because of CAP were eligible for inclusion [18] .
Data collection. At hospital admission, demographic data and clinical signs and symptoms were recorded. Routine laboratory tests, arterial blood gas analysis, and a chest radiograph were obtained and the PSI score was calculated for each individual patient [19] . Antibiotic treatment was based on the Dutch guidelines for CAP management [10] . Patients were observed for a maximum of 28 days. During the in-hospital follow-up period, clinical data were recorded. Patients who were still hospitalized on day 7 had follow-up chest radiography performed. After discharge from the hospital, all patients were asked to return to the outpatient clinic for clinical evaluation, blood chemistry analysis, and a chest radiograph at day 28. Scores for clinical improvement on day 7 and for clinical cure on day 28 were calculated for each patient [20, 21] .
Microbiological analysis. Details of the microbiological analyses are described elsewhere [18] . In short, sputum and blood samples were collected, cultured, and evaluated according to standard procedures. Microorganisms cultured from blood or sputum samples were recorded. In addition, NOW tests (Binax) were used to detect urinary antigens for Legionella pneumophila and Streptococcus pneumoniae. Acute-and convalescent-phase serum samples were collected and tested for Mycoplasma pneumoniae, L. pneumophila, and Chlamydia pneumoniae. Any noncontaminating microorganism detected by culture, serum test, or urinary antigen test was considered to be a cause of the episode of pneumonia. Interpretation of radiographs. The radiologists on call, who had been provided with information on the patient's clinical condition, evaluated the chest radiographs. Standard radiographic criteria were used for evaluation [22, 23] . Chest radiographs were reviewed for the presence of pulmonary infiltrates, pleural fluid, atelectasis, pulmonary edema, and other findings. The findings were recorded in standard case-record forms by members of the study team. During follow-up, clearance of pulmonary infiltrates (defined as the absence of any radiographic sign of consolidation) and resolution of chest radiograph abnormalities (defined as the absence of any abnormal chest radiograph finding potentially related to infection, such as infiltrates, atelectasis, or pleural fluid) were established. Furthermore, chest radiographs were evaluated for deterioration of chest radiograph findings, which was defined as a new abnormal finding or an increase in pulmonary infiltrates, pleural fluid, or atelectasis during follow-up. 
Outcome measures.
Primary objectives of the study included the evaluation of the time to resolution and factors associated with delayed resolution of chest radiograph abnormalities. Time to resolution of chest radiograph abnormalities was estimated on the basis of the proportion of patients who had radiographic evidence of infection (i.e., infiltrates, pleural fluid, or atelectasis) at day 0, day 7, and day 28, respectively. Subgroup analysis was performed for patients with proven pneumococcal pneumonia. Factors associated with delayed resolution of radiograph findings were assessed in univariate and multivariate analyses, which included patient characteristics, symptoms, initial radiographic abnormalities, laboratory data, and microbial etiology. Furthermore, resolution of radiograph abnormalities at day 7 and day 28 was compared with clinical improvement at day 7 (defined as a respiratory rate !25 breaths/ min; oxygen saturation 190%, as measured by pulse oximetry; partial pressure of oxygen in arterial blood 155 mmHg; hemodynamic stability; and no acute alteration in the mental state of the patient [20] ) and with clinical cure at day 28 (defined as hospital discharge in good health, without signs and symptoms of pneumonia, and the absence of complications or clinical deterioration, including the need for mechanical ventilation, readministration of intravenous antibiotics after a switch to oral therapy, readmission for pulmonary infection after hospital discharge, or an increase in body temperature after an initial improvement during the follow-up period [20, 21] ). Clinical failure was defined as no clinical improvement or cure. Finally, the influence of deterioration of chest radiograph findings on outcome (i.e., clinical failure, mortality, PSI score, and interventions) for patients with and patients without deterioration of chest radiograph findings was studied. Statistical methods and analytical approach. Statistical analysis was performed using SPSS for Windows, version 12.0. (SPSS). For comparisons between subgroups of patients with continuous scaled data, the Student's t test was used. Categorical variables were compared using the x 2 or Fisher's exact test. All analyses used a 2-tailed significance level of . P ! .05 Univariate assessment of the association of each parameter and resolution of chest radiograph abnormalities on day 7 and day 28 was performed by estimation of the ORs and corresponding 95% CIs for the selected patients. Multivariate logistic regression modeling with as criterion for entry was applied P ! .10 to select those variables that were associated with resolution of radiographic abnormalities. Forward selection was also per-formed to verify whether any previously deleted potentially relevant characteristic had been eliminated incorrectly from the model. The reliability of the multivariate logistic regression model was determined by Hosmer-Lemeshow goodness-of-fit statistics [24] . The area under the receiver operating characteristic curve (AUC) was used to assess the model's discriminative ability. The AUC represents the probability that the logistic regression model will assign a higher probability of the outcome to a randomly chosen patient with an outcome than to a randomly chosen patient without an outcome. An AUC estimate of 0.5 indicates no discrimination, whereas an AUC estimate of 1.0 indicates perfect discrimination. Models with AUC values of 0.70-0.79 are generally considered to have moderate discriminative properties; those with AUC values 10.80 are generally considered to have good discriminative properties.
RESULTS

Study population. From July 2000 through June 2003, 302
patients with severe CAP were enrolled in the study. Fourteen patients were excluded from analysis. In 10 patients, a condition other than CAP was eventually diagnosed, and 4 patients had interstitial pneumonia. Chest radiographs were obtained for 227 patients (78.8%) on day 7 and for 195 patients (67.7%) on day 28. In addition, for 52 (18.1%) of the patients, chest radiographs were only obtained on day 7 and not on day 28; in 20 patients (6.9%), radiographs were only obtained on day 28 and were not obtained on day 7 (figure 1). Compared with study patients, the 93 patients (32.3%) for whom no chest radiograph was obtained on day 7 or on day 28 had higher .003 NOTE. Parameters investigated in univariate analysis included patient characteristics (age, sex, comorbid illnesses, and preexisting chest radiograph abnormalities), clinical scores (pneumonia severity index, APACHE II, and CURB-65 score), symptoms and signs (cough, sputum production, sore throat, dyspnea, chest pain, hemoptoe, confusion, blood pressure, respiratory rate, pulse, oxygen need, crackles, rhonchi, friction rub, and percussion dullness), laboratory data (C-reactive protein level, WBC count, urea, and arterial blood gas analysis), radiograph findings at admission (pleural fluid, atelectasis, pulmonary edema, and multilobar pneumonia), pneumonia etiology (S. pneumoniae, Haemophilus influenzae, Chlamydia pneumoniae, Legionella pneumophila, atypical pathogens, multiple pathogens, and pathogens of unknown etiology), clinical failure at day 7 and day 28, and inaccurate antibiotic treatment.
a Likelihood ratio is displayed. b Mean difference is displayed.
PSI scores (mean PSI score, 117 vs. 111; mean difference, 5.9; ), were significantly older (mean age, 74 years vs. 68 P p .07 years; mean difference, 6.1 years;
), and experienced P ! .001 heart failure more often (heart failure rate, 18.2% vs. 8.7%; OR, 2.3; 95% CI, 1.14-4.83;
). Study patients had a P p .02 mean age (‫ע‬SD) of years, 154 patients (53.5%) 69.7 ‫ע‬ 13.9 had at least 1 comorbid illness, and 248 patients (86.1%) had a PSI score of 190. Causative pathogens could be identified for 140 patients (48.6%). The microbial etiology was S. pneumoniae in 62 (21.5%) of the patients and an atypical pathogen in 28 (9.7%). In 50 (17.4%) of the patients, another causative mi-croorganism was found. (table 1) 103 (52.8%) had resolution of chest radiograph abnormalities. Resolution of chest radiograph abnormalities was significantly slower for patients with proven S. pneumoniae pneumonia; at day 28, 37.3% had experienced resolution (OR, 1.88;
). P p .01 When clinical improvement was compared with resolution of chest radiograph abnormalities, improvement in chest radiograph abnormalities lagged behind improvement in clinical condition: at day 7, clinical improvement was observed in 127 patients (55.9%), whereas resolution of chest radiograph abnormalities was only seen in 57 (25.1%). At day 28, clinical cure was observed in 152 patients (77.9%), and resolution of chest radiograph abnormalities was seen in 103 (52.8%) (tables 2-4).
In univariate analysis, serum urea nitrogen levels 110 mmol/ L (OR, 2.18;
), C-reactive protein levels 1200 mmol/L P р .005 (OR, 1.52-2.16;
), and the presence of multilobar in-P р .002 filtrates (OR, 1.92-2.26;
) were associated with a delayed P р .04 clearance of pulmonary infiltrates and delayed resolution of chest radiograph abnormalities at both day 7 and day 28. Dullness to percussion at hospital admission was associated with a delayed resolution of radiograph abnormalities at day 7 (OR, 4.13;
) (table 5) . Age and comorbidity were not sig-P p .02 nificantly associated with delayed resolution of chest radiograph abnormalities. In multivariate analysis, multilobar pneumonia (OR, 2,87;
), dullness to percussion (OR, 6.94; P p .01 P p ), respiratory rate 125 breaths/min (OR, 2.42; ), and .01 P p .03 C-reactive protein level 1200 mg/L (OR, 4.24;
) at P p .001 admission were independently associated with delayed resolution of chest radiograph abnormalities at day 7 (table 6). Figure 2 displays the discriminative ability of these predictors for delayed clearance of chest radiograph abnormalities on day 7 (AUC, 0.71; 95% CI, Ϫ0.63 to 0.73). Remarkably, neither preexisting chest radiograph abnormalities, clinical failure, nor inaccurate antibiotic therapy were predictive for delayed clearance of infiltrates or delayed resolution of chest radiograph abnormalities at day 7 or at day 28.
Eighty-two patients (28.5%) had deterioration of chest radiograph findings during follow-up: deterioration of infiltrates was seen in 28 patients (9.7%), development of pleural fluid was seen in 51 (17.7%), and development of atelectasis was seen in 20 (6.9%). For patients with deterioration of chest radiograph findings, there were no significant differences in clinical failure, PSI score, mortality, or interventions ( ), P 1 .09 compared with patients who did not have deterioration of chest radiograph findings (table 7) .
DISCUSSION
Resolution of chest radiograph abnormalities associated with CAP in immunocompetent, hospitalized patients occurred in approximately one-quarter of the patients at day 7 and in approximately one-half of the patients at day 28. Patients with pneumococcal pneumonia showed significantly slower resolution. Clinical parameters, such as dullness to percussion, multilobar disease, high respiratory rate, and high C-reactive protein level, were independent predictors for chest radiograph findings at day 7, whereas a high C-reactive protein level at admission was also a predictor for delayed resolution of chest radiograph abnormalities at day 28. Persistence of chest radiograph abnormalities did not appear to be correlated with inadequate antibiotic treatment or delayed clinical cure. In addition, no significant differences in outcome were observed in patients with or patients without deterioration of chest radi- ograph abnormalities during follow-up. Furthermore, the number of interventions in patients with deterioration of chest radiograph findings was comparable to the number of interventions in other patients, suggesting that physicians' decisions were not made solely on the basis of chest radiograph findings. Routine follow-up chest radiographs, therefore, do not seem to be appropriate for patients who respond to initial therapy. Our study differs from previous studies in several important respects. The strengths of this study were that it involved prospective data collection from multiple centers, that a relatively large number of patients were included in the study, and that strict criteria were used for inclusion. To date, to our knowledge, no studies have analyzed resolution of chest radiograph abnormalities in such a large group of hospitalized patients. Only a few studies, conducted in the past 50 years, have addressed the resolution of chest radiograph abnormalities in patients with CAP. Direct comparison of these studies is difficult because of the heterogeneous composition of the study populations. In the 1950s, 2 studies reported rates of complete resolution of chest radiograph abnormalities of 83%-87% by 4 weeks [12, 13] . Major weaknesses of these studies were the inaccuracy of the definition of clearance and the inclusion of only relatively young patients (70% of the patients were !50 years of age). Jay et al. [14] showed that 12.5% of hospitalized patients with bacteremic pneumococcal pneumonia had complete resolution at 2 weeks, and 41.4% had resolution at 4 weeks. Other studies reported that resolution of chest radiograph abnormalities was fastest in patients with pneumonia due to M. pneumoniae, followed by patients with pneumonia due to Chlamydophila psittaci and patients with pneumonia due to S. pneumonia [17, 25] . These results are in line with the rate of resolution in patients with pneumococcal pneumonia in our study. Mittle et al. [15] conducted a study involving 81 inpatients and outpatients and reported resolution rates of 50.6% at 2 weeks and 63.7% at 4 weeks. Factors influencing the resolution rate were age and the involvement of single versus multiple lobes. A limitation of this study was that a microbiologic diagnosis could be established in only 19 patients [15] . More recently, El Soh et al. [16] investigated the resolution of radiographic findings of bacterial pneumonia in 74 patients aged 170 years. Of these patients, 35.1% had complete resolution at 3 weeks, 60.2% had complete resolution at 6 weeks, and 84.2% had complete resolution at 12 weeks. According to these studies, age, the presence of comorbid illnesses, and the extent of lobar involvement were factors that influenced the clearance rate [15, 16] . Compared with our study, only multiple versus single lobe involvement was found to be a predictor for delayed resolution after 1 week, whereas comorbidity and age were not. We could not establish an association between preexisting radiograph findings and delayed resolution of radiograph abnormalities. On the contrary, in our study, multivariate analysis demonstrated that dullness to percussion at admission and high C-reactive protein level at admission had independent predictive value for a delayed resolution, which, to our knowledge, has never been described previously. The current study also has potential limitations. The study population consisted of patients hospitalized with severe CAP (247 [86.1%] of the patients were PSI class IV or V). However, no radiographic information was available for the most severely ill subgroup of patients. Those patients admitted directly or during follow-up to the intensive care unit were excluded from the original study. In addition, patients for whom no chest radiograph could be obtained at day 28 tended to be severely ill patients. Therefore, because no information was available for the most severe cases, improvement rates found in our study may be overestimates. Moreover, the correlation of clinical findings, compared with chest radiograph abnormalities, in these severely ill patients remains unclear. On the other hand, underestimation of time to resolution may have occurred, because patients with mild pneumonia were not included. However, previous studies have indicated that findings regarding the resolution of chest radiograph abnormalities among hospitalized patients are also applicable to outpatients if data is corrected for the extent of pulmonary involvement and age [15] . Another potential limitation is that all chest radiographs were reviewed only once by the radiologist on call. However, to mimic real-life clinical practice, and because data from previous studies showed great interobserver and intraobserver variability (k, 0.46-0.60) [16, 26, 27] , we did not have radiographs reviewed by 11 radiologist or reviewed twice by the same radiologist. Obviously, different interpretation of radiographs would have led to different outcomes. In line with this, the lack of a standardized system for reviewing chest radiographs and lack of consensus about the definition for clinical resolution impair studies evaluating chest radiographs. To present reliable and objective results regarding the resolution of chest radiograph abnormalities, there is a need for standardized criteria and unequivocal definitions, which are currently lacking.
In conclusion, routine chest radiographs obtained during the short-term follow-up of CAP in patients who respond clinically to the initiated antibiotic therapy, as well as chest radiographs obtained prior to hospital discharge (as advised by the American Thoracic Society in their 1993 guideline [8] ), seem to be unnecessary. Observing the clinical course of the patient in the first stages after diagnosis is far more important than followup with chest radiographs. Exceptions should be made for patients who fail to respond to treatment, who develop complications, or who experience an acute deterioration in their clinical condition of unknown cause. On the basis of our data, follow-up chest radiography to exclude noninfectious abnormalities should not be performed within 4 weeks after the initial diagnosis. A delay of at least 8-12 weeks after an episode of CAP seems to be reasonable. However, further studies to specifically address this issue are needed.
